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DISPLAY! DftVTCE 
i _i ~ 

TECHNICAL FIELD ' — J 

5 The present invention relates to a display device 

having a display cell and, in particular, relates to a 
liquid crystal display device having a liquid crystal 
panel formed of a drive cell as one example of a display 
cell, and a correction cell as one example of a display 
10 cell having a phase difference function* According to 
the present invention, it is possible to resolve 
unfavorable and undesirable color which occurs in 
peripheral portions o£ the liquid crystal panel, 

15 BACKGROUND ART 

As display devices, there are a liquid crystal 
display device, an EL display device and a plasma display 
device, each using a display cell. in particular, the 
liquid crystal display device having the cell filled with 

20 the liquid crystal, as a main portion, is a thin type and 
has a small power consumption, so that it is been widely 
utilised individually or as display means for a computer, 
a communication equipment and the like* As a 
representative liquid crystal display device , there is a 

25 known liquid crystal display device using a TN liquid 
crystal or a STN liquid crystal utilizing the optical 
rotatory power of the liquid crystal. 

In the liquid crystal display device using such 
liquid crystal, in general, linear polarization of light 

30 passing through a polarization board is utilized. In 
this case, due to an optical anisotropy of liquid 
molecules in a liquid crystal layer, the incident light 
is divided into an ordinary ray (0) and an extraordinary 
ray (E). when the light comes out from the liquid 

35 crystal layer, a phase difference occurs between these 
rays. The phase difference results in unfavorable and 
undesirable color of an outgoing ray of the liquid 
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10 



15 



20 



30 



crystal cell, as is well known in this field. 

Accordingly, in order to prevent such color at the 
outgoing ray r there is a liquid crystal panel including a 
liquid crystal cell having a structure, in order to 
correct the phase difference, in which a normal liquid 
crystal cell (a drive cell) having drive electrodes is 
overlapped with a liquid crystal cell (a correction cell) 
having a function of a phase difference board (i.e., the 
function for correcting the phase difference due to 
birefringence of the drive cell). 

However, even in such structure, in which the 
conventional drive cell is overlapped with the correction 
cell, unfavorable and undesirable color has been not 
sufficiently eliminated. 



ABSTRACT OF THE INVENTION 

Therefore, an object of the present invention is to 
provide a liquid crystal display device, which can 
resolve the above-mentioned conventional problem of the 
liquid crystal display device, i.e., reduction of display 
quality due to unfavorable and undesirable color, which 
occurs due to a defective area in the vicinity of a seal 
member of the liquid crystal cell. 

Further, another object of the present invention is 
2 5 to provide a liquid crystal display device including an 
optimum size having economically useful structure. 

as a first means to resolve the above problem, the 
present invention includes a display device comprising; 
at least one display cell sealed by one seal member in 
which an electro-optical converting member (for example, 
a liquid crystal) is held; another at least one display 
cell sealed by another seal member in which the electro- 
optical converting member is held; and these display 
cells being overlapped; characterized in that the display 
35 cell provided to an opposite side of an observer has a 

normal area which is wider than the display cell provided 
to a side of the observer. 
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As a second means to resolve the above problem , the 
present invention includes a liquid crystal device 
comprising at least one liquid crystal display cell 
sealed by one seal member in which a liquid crystal is 
5 held; another at least one liquid crystal display cell 

sealed by another seal member in which the liquid crystal 
is held; and these liquid crystal display cells being 
overlapped; characterized in that the liquid crystal 
display cell provided to an opposite side of an observer 

10 has an normal area which} is wider than the liquid crystal 
display cell provided toia side of the observer. 

As a third means to resolve the above problem, the 
present invention includes a liquid crystal device 
comprising a drive cell sealed by a seal member in which 

15 a liquid crystal is held; and to which a drive voltage 
for the liquid crystal is applied; a correction cell 
sealed by a seal member in which the liquid crystal is 
held, and to which the drive voltage for the liquid 
crystal is not applied; and these drive cell and 

20 correction cell being overlapped; characterized in that 

one of outside sizes of the drive cell and the correction 
cell is larger than the other outside size* 

As a fourth means to resolve the above problem, the 
present invention includes a liquid crystal device 

25 comprising a drive cell sealed by a seal member in which 
a liquid crystal is held^ and to which a drive voltage 
for the liquid crystal is applied; a correction cell 
sealed by a seal member in which the liquid crystal is 
held, and to which the drive voltage for the liquid 

30 crystal is not applied; and these drive cell and 

correction cell being overlapped; characterised in that 
one of inside sizes of the seal member of the drive cell 
and the seal member of the correction cell is larger than 
the other inside size. 

35 as a fifth means to resolve the above problem, the 

present invention includes a liquid crystal device 
comprising a drive cell sealed by a seal member in which 
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a liquid crystal is held, and to which a drive voltage 
for the liquid crystal is applied; a correction cell 
sealed by a seal member in which the liquid crystal is 
held, and to which the drive voltage for the liquid 
5 crystal is not applied; and these drive cell and 

correction cell being overlapped; characterized in that 
one of sizes of an effective display area of the drive 
cell and the effective display area of the correction 
cell is larger than the other size of the effective 

10 display area. 

As a sixth means to resolve the above problem, in 
any one of the second to fifth means, the liquid crystal 
panel is structured as being overlapped between the drive 
cell and the correction cell, in the form that a 

15 defective area having defects of a cell gap and/or of an 
alignment in the vicinity of the inside of the seal 
member of the drive cell is overlapped in the range of 
the normal area having no defects of the correction cell. 
As a seventh means to resolve the above problem, in 

2 0 the fifth means, the liquid crystal panel is structured 

as being overlapped between the drive cell and the 
correction cell, in the form that a defective area having 
defects of a cell gap and/or of an alignment in the 
vicinity of the inside of the seal member of the 
25 correction cell is overlapped in the range of the normal 
area having no defects of the drive cell. 

As a eighth means to resolve the above problem, in 
the sixth means, the liquid crystal panel is structured 
as being overlapped between the drive cell and the 

3 0 correction cell, in the form that the whole liquid 

crystal area of the inside of the seal member of the 
drive cell is overlapped in the range of the normal area 
having no defect, inside of the defective area having 
defects of a cell gap and/or of an alignment in the 
35 vicinity of the inside of the seal member of the 
correction cell. 

as a ninth means to resolve the above problem, in 
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the seventh means , the liquid crystal panel is structured 
as being overlapped between the drive cell and the 
correction cell, in the form that the whole liquid 
crystal area of the inside of the seal member of the 
5 correction cell is overlapped in the range of the normal 
area having no defect , inside of the defective area 
having defects of a cell gap and/or of an alignment in 
the vicinity of the inside of the seal member of the 
drive cell. 

10 As a tenth means to resolve the above problem, in 

any one of the second means to the ninth means, the 
liquid crystal is an STN liquid crystal, 

BRIEF EXPLANATION OF THE DRAWINGS 
15 Figure 1 is a cross-sectional view showing a liquid 

crystal panel structure having a correction cell 
according to one embodiment of the present invention; 

Figure 2 is a cross-sectional view showing a liquid 
crystal panel structure according to another embodiment 
20 of the present invention; 

Figure 3 is a cross-sectional view showing a liquid 
crystal panel structure according to still another 
embodiment of the present invention; 

Figure 4 is a cross-sectional view showing a 
25 modified structure of the liquid crystal panel shown in 
Fig. 3; 

Figure 5 is a cross-sectional view showing a liquid 
crystal panel structure having a correction cell 
according to a conventional liquid crystal display 
30 device; 

Figure 6 is a perspective view showing an essential 
alignment state at the liquid crystal panel shown in 
Fig, 5; and 

Figure 7 is a perspective view showing an essential 
35 alignment state including the defective area at the 
liquid crystal panel shown in Fig. 5. 
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BEST MODE FOR CARRYING OUT THE PRESENT INVENTION 

Before explanations of preferable embodiments of the 
present invention are given, a conventional art and its 
problem will be explained with reference to the drawings. 
5 In this case, in the following explanations, rays SI 

and S2 are used for explaining an action causing the 
color, and do not indicate an observer's eyes. That is, 
the object of the present invention is to resolve the 
undesirable and unfavorable color, which occurs in 
10 peripheral portions of the display panel when it is 

observed by the observer, and to determine the optimum 
size of the display cell haying economically useful 
structure based on visual difference due to the 
Jjl observer's eyes. Accordingly, the rays Si and S2 are 

IP 15 used for analysing the color. 

Figure 5 is the cross-sectional view showing the 
h\ liquid crystal panel 110 having the correction cell 

K according to the conventional liquid crystal display 

- u device, in Fig. 5, 101 denotes the drive cell, in the 

S3 

M 20 drive cell 101, 120a denotes the STN liquid crystal 
^ layer, and consists of the normal area I20al and the 

fit 

fjl defective area 120a2 as explained below, which are held 

O by a transparent upper substrate 102 and a transparent 

^ lower substrate 103 surrounded by a seal member 108* 

25 104a denotes an upper drive electrode, and formed closely 
on a lower surface of the upper substrate 102. 105a 
denotes an upper alignment film formed closely on the 
lower surface of the upper substrate 102 by covering the 
upper drive electrode 104a, 104b denotes a lower drive 
30 electrode, and it is formed closely on an upper surface 
of the lower substrate 103, 105b denotes a lower 
alignment film formed closely on the upper surface of the 
lower substrate 103 by covering the lower drive 
electrode 104b. 
35 Number 111 denotes the correction cell, in the 

correction cell ill, the STN liquid crystal 120b is the 
STN liquid crystal layer, and consists of the normal 
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area I20bl and the defective area 120b2 as explained 
below, which are held by a transparent upper 
substrate 112 and a transparent lower substrate 113 
surrounded by the seal member 108* However, there is no 
5 drive electrode , which is different from the drive 

cell 101. 115a denotes the upper alignment film formed 
closely on the lower surface of the upper substrate 112. 
Number 115b denotes the lower alignment film formed 
closely on the upper surface o£ the lower substrate 113- 

10 As shown in Fig, 5, an inner si2e o£ the seal member 

of the drive cell 101 is approximately equal to the inner 
size of the seal member of the correction cell 111, the 
normal area I20al of the drive cell 101 is overlapped 
with the normal area 120bl of the correction cell 111, 

15 and the defective area 120a2 of the drive cell 101 is 
overlapped with the defective area 120b2 of the 
correction cell ill. 121 denotes a first polarization 
board, and is arranged closely on or opposite to the 
outside {upper side) of the upper substrate 102 of the 

20 drive cell 101, 122 denotes a second polarization board, 
and is arranged closely on or opposite to the outside 
(lower side) of the lower substrate 113 of the correction 
cell in. 

Figure 6 is the perspective view showing a 
25 polarizing direction of each polarisation board and an 

alignment direction (direction of an optical axis) at the 
normal area (120al and 120bl) of the liquid crystal 
layer, X- and Y- coordinates are provided for each 
member as a common coordinate, A rotational direction is 
30 determined based on the X-axis. 

The action of the liquid crystal panel having the 
above structure is basically similar to the liquid 
crystal panel having the "phase difference board" except 
for the defective areas 120a2 and 120b2 in the vicinity 
35 of the seal member 108* 

The action of the liquid crystal panel 110 will be 
explained with reference to Figs. 5 and 6 below. First, 
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the explanation is given to the action of the ray Si 
which is input from the outside to the first polarization 
board 121, passes through the normal area 120al of the 
drive cell 101, the normal area 120bl of the correction 
5 cell and the like on 'the way, and is finally output from 
the second polarisation board 122, The polarizing 
direction of the first polarization board 121 is -15 % 
the ray SI input to the polarization 121 is output as the 
linear polarisation having the direction of ^15% and 

10 input- to the normal area 120al of the STN liquid crystal 
layer through the upper substrate 102 of the drive 
cell 101 and the upper alignment film 105a. 

In the drive cell 101, due to the alignment of the 
upper alignment film 105a, the direction of the optical 

15 axis of the liquid crystal molecule at the upper surface 
of the normal area 120al is +210° (direction opposite to 
+30°). Due to the alignment of the lower alignment 
film 105b, the direction of the optical axis of the 
liquid crystal molecule at the lower surface of the 

2 0 normal area l20al is -30°, and the optical axis of the 

STN liquid crystal at the normal area 120al is rotated to 
the left direction by 240° (rotation like a left-handed 
screw for the moving direction of the light). 

The ray Si is input to the polarization direction of 

25 45 5 for the optical axis at the upper surface of the STN 
liquid crystal layer I2 0al (normal area) as the linear 
polarization, and separated to the extraordinary ray (E), 
which oscillates in the direction parallel to the optical 
axis, and the ordinary ray (0) which oscillates in the 

30 direction perpendicular to the optical axis* Further , 

the ray si moves with optical rotation and passes through 
the lower surface of the STN liquid crystal layer I20al 
(normal area). At that time, the extraordinary ray 
occurs the phase difference 61 for the ordinary ray* The 

35 ray, which passes through the lower surface of the STN 

liquid crystal layer 120al (normal area), is formed as an 
elliptically polarised light having the oscillating 
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direction (direction of the optical axis of -30°) of the 
extraordinary ray (E), the oscillating direction 
(perpendicular direction of +60°) and a component of the 
phase difference 61- Further , the ray is input to the 
5 STN liquid crystal layer 12 Obi (normal area) of the 
correction cell, passing through the lower alignment 
film 105b, the lower substrate 103 of the drive cell 101, 
the upper substrate 112 of the correction cell 111 and 
the upper alignment film 115a of the correction cell 111* 

10 in the correction cell 111, due to the alignment of 

the upper alignment film 115a, the direction of the 
optical axis of the liquid crystal molecule at the upper 
surface of the normal area 12 Obi is +60°* Due to the 
alignment of the lower alignment film 115b/ the direction 

15 of the optical axis of the liquid crystal molecule at the 
lower surface of the normal area 120bl is -6C D , The 
optical axis of the stn liquid crystal at the normal 
area 120bl is rotated to the right direction by 240° 
(rotation like a right-handed screw for the moving 

2 0 direction of the light). 

In the incident light, a light component at the 
oscillating direction (-30°) of the extraordinary ray (E) 
is input based on the oscillating direction having an 
angle of approximately perpendicular r moved by 90° , to 

25 the direction of the optical axis +60° , at the upper 
surface of the STN liquid crystal layer 120bl (normal 
area) of the correction cell, so that the component 
becomes a main component of the ordinary ray (0). 
Another light component at the oscillating 

30 direction (+60°) of the ordinary ray is input based on 
the oscillating direction having an angle of 
approximately parallel, having 0% to the direction of 
the optical axis +60 Q , at the upper surface of the STN 
liquid crystal layer 12 Obi (normal area) of the 

35 correction cell, so that the component becomes a main 
component of the extraordinary ray (E)* in this case, 
the extraordinary ray (E) has the phase difference of 

I 
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approximately - Si for the ordinary ray (0) . 

The ordinary ray (O) and extraordinary ray (E) are 
moved with the rotation of the optical axis at the STN 
liquid crystal layer 120bl (normal area), and are passed 
5 at the lower surface of the STN liquid crystal 

layer 120bl (normal area). At that time, the phase 
difference of the extraordinary ray (E) is increased by 
62 for the ordinary ray (0), and becomes {82 - 61)* When 
the final phase difference (62 - Si) is zero, it is 

10 possible to set the light transmitted from the 

polarization board 122 to the maximum value by setting 
the polarizing direction of the polarization board 122 to 
the angle +75° , i.e. +45° for the direction -60° (+120°) 
of the optical axis at the lower surface. In actuality, 

15 the polarization direction is set to an appropriate angle 
with adjustment by considering another characteristic of 
the liquid crystal. 

in general, when the ordinary ray is overlapped with 
the extraordinary ray and moved to the same direction, a 

20 polarization mode of the light is formed by the 
oscillation composed with the ordinary ray and 
extraordinary ray. The intensity of the transmission 
light determined by the composed polarization mode is 
changed in accordance with change of the phase 

2 5 difference 3 between the ordinary ray and the 

extraordinary ray along with movement of the light. That 
is, when there is no rotation of the optical axis, and 
when the thickness of the liquid crystal layer is "d", 
the wavelength of the light is A, and the birefringence 

30 which is expressed by the difference |no - ne| between 
the refractive index "no" of the ordinary ray and the 
refractive index "ne" of the extraordinary ray is An, 
the phase difference 6 becomes "8 - 2ndAnA" * Further, 
the intensity I of the transmission light depends on 

35 sin 2 (5/2), i.e. sin 2 (jidAn/X), and is changed in 
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accordance with the thickness "d" of the liquid crystal 
layer and the wavelength X of the light. 

Next, when there is a rotation of the optical axis, 
the phase difference is changed depending on the 
5 rotational {twisted) angle and direction in addition to 
the effects of the thickness "d" and change of 
coordinate. The phase difference 6 is determined 
depending on the above-mentioned jtdAn/X and the twisted 
angle {also considering the direction). In this case, 

10 since the intensity I of the transmission light depends 
on sin 5 (8/2), i.e. the phase difference, the intensity 
is changed depending on the wavelength k as well as the 
above explanation. Accordingly f when the liquid crystal 
layer is one layer, the thickness "d" and the twisted 

15 angle are selected in such a way that the intensity I of 
the transmission light becomes maximum for the light 

having a particular wavelength X, and the selected liquid 

crystal layer is structured. At that time, for the light 

having different waveform X from the above light, the 

20 intensity I of the transmission light becomes weaker than 
in the above case. That is, the above liquid crystal 
layer has a characteristic in which the light having a 
particular wavelength or a wavelength close to the 
particular wavelength is selectively transmitted in 

25 accordance with the thickness "d" of the liquid crystal 
layer and the twisted angle. As a result, undesirable 
and unfavorable color occurs on the screen. 

Accordingly, in the case of the present embodiment, 
the drive cell 101 is overlapped with the correction 

30 cell 111, the phase difference 51 which occurs at the STN 
liquid crystal layer 120al {normal area) of the drive 
cell 101 is corrected by the phase difference 62 which 
occurs at the STN liquid crystal layer 120bl (normal 
area) of the correction cell 111. In this case, in the 
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STN liquid crystal layer 120al (normal area) and STN 
liquid crystal layer 120bl (normal area), by setting the 
direction of the rotation (twisted) angle to an opposite 
direction one another , the phase difference 61 is equal 
5 to the phase difference 52, and it is possible to finally 
set the phase difference (81 - 52) to approximately zero* 
as a result, it is possible to effectively prevent 
undesirable and unfavorable color in the normal area. 

In this case, when a drive voltage is added between 

10 an upper drive electrode 104a and a lower drive 

electrode 104b of the drive cell, and when the twist of 
the liquid crystal molecule is changed in the STtt liquid 
crystal layer 120a of the drive cell 101 and reduced, the 
twist of the polarization passing through this portion is 

15 also changed finally, and the angle of the polarization 
from the STN liquid crystal layer 120b in the correction 
cell 101- As a result, in the outgoing light from the 
second polarization film 122, the brightness of the 
outgoing light passing through the STN liquid crystal 

2 0 layer 120a to which the drive voltage is added becomes 
different from another portion so that the pattern is 
displayed in accordance with data, 

As shown in Fig, 5, however, there are problems in 
the conventional liquid crystal device having the 

25 correction cell as explained in detail below. 

in Fig- 5, in the STN liquid crystal layer 120a of 
the drive cell 101, the alignment direction (twisted 
direction of molecule, etc.) of the liquid crystal 
molecule is normal at the normal area 120al cf the 

30 central portion, and the thickness of the layer (or cell 
gap) is uniform. On the other hand f in the defective 
area I20a2 at the peripheral portion, the alignment 
direction of the liquid crystal molecule is not normal 
compared to the central portion, and the thickness of the 

35 layer is not uniform. Such defects occur for the 

following reasons. That is, in the vicinity of the seal 
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member 108, when the seal member 108 is joined with the 
upper alignment film 105a and the lower alignment 
film 105b r the hardening and non-hardening impurities are 
dissolved from the seal member into the liquid crystal . 
5 As a result , the impurities affect bad influence to the 
liquid crystal so that the alignment state of the liquid 
crystal is changed. Further, the thickness of the 
alignment film is also changed due to influence of 
pressed-adhesive processes in the manufacturing line so 

10 that the thickness of the liquid crystal layer is also 
changed* The same defect also occurs in the normal 
area 120bl of the STN liquid crystal layer 120b and the 
defective area 120b2 of the correction cell HI. 

Figure 7 is a perspective view for explaining the 

15 polarizing direction of each polarisation board and the 
alignment direction (direction of optical axis) at the 
defective area 12Q&2 of the STN liquid crystal layer of 
the drive cell 101 and at the defective area 12Qb2 of the 
STN liquid crystal layer of the correction cell 111* in 

20 Figs. 5 and 7, S2 is a ray passing through the defective 
area 120a2 of the drive cell 101 and the defective 
area 120b2 of the correction cell 111. 

In this case, action of the ray S2 will be explained 
below, in the defective area 12Qa2 of the drive cell 101 

2 5 and the defective area 120b2 of the correction cell 111, 
since the alignment of the liquid crystal is not normal 
as mentioned above, the direction of the optical axis 
depending on the direction of the liquid crystal molecule 
becomes irregular. For example r the direction of the 

30 optical axis is dispersed in the range of the slanted 

area in Fig* 7, the birefringence An is changed and the 
thickness is not uniform. Further, the rotational angle 
of the optical axis may not be set to a predetermined 
angle, different from the case of the normal area* 

35 Accordingly, the phase difference of the transmission 

light becomes 51 f which is different from the value 51 at 
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the normal area for the abnormal area 120a2 of the drive 
cell 101. 

in this situation , the ray S2 inputted to the 
defective area 120b2 of the correction cell 111 suffers 
5 the phase difference 52 1 which is different from the 

phase difference 82' at the normal area. Further, the 
final phase difference is set to the value (52' -61') 
and is largely moved from zero due to addition of errors , 
so that undesirable and unfavorable color occurs on the 

10 screen* 

Next, as shown in Fig, 5, a part of an effective 
view-field range 130, which is obtained by observing the 
range of the normal area I20al of the drive cell 10 1 from 
the viewpoint P, includes the defective area 120b2 of the 

15 correction cell 111 so that this part is colored due to 
the influence of the phase difference 82'. Further, a 
part of the whole view field area 132, which is obtained 
by observing the whole area of the seal member of the 
correction cell 111 from the viewpoint P, includes the 

20 defective area 120a2 of the drive cell 101 and the 

defective area 120b2 of the correction cell 111 which is 
overlapped with the defective area 120a2 so that this 
part is affected by the phase differences 81 ' and 52 T and 
results in dark color. As a result, undesirable and 

25 unfavorable color occurs in the peripheral portion of the 
view field so that the quality of the image deteriorates. 

On the other hand, for example, in the Japanese 
Unexamined Patent Publication No, 2-130531 {liquid 
crystal display element), a liquid crystal display 

3 0 element having the following structure has been 

disclosed. That is, a first liquid crystal cell is 
overlapped with a second liquid crystal cell between the 
first and second polarization boards, and the outside 
size of the seal member of the first liquid crystal cell 

35 is smaller than that of the seal member* However, this 
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example aims to improve a working efficiency at the 
manufacturing of the liquid crystal element by moving the 
position of an injecting inlet of the liquid crystal of 
the second liquid crystal cell from the injecting inlet 
5 of the first liquid crystal cell* Accordingly, this 
example does not change the outside sise of the seal 
member in order to resolve undesirable and unfavorable 
color at the peripheral area of the display panel* 
Further, in this example, there are no explanation and 

10 teaching of a positional relationship of an observer to 
observe the liquid crystal display panel, 

Further, in the Japanese Unexamined Patent 
Publication No- 2-116825 (liquid crystal display 
element), a liquid crystal display device, in which a 

15 liquid crystal cell for display is overlapped with a 

liquid crystal cell for an optical compensation, has been 
disclosed. However, this example includes a light- 
cutting member formed of a positive-type photo^regist , 
and there is no disclosure of change of the outside sise 

20 of the liquid crystal cell in order to resolve 

undesirable and unfavorable color at the peripheral 
portion of the display panel* Further, in this example, 
there are no explanation and teaching for the position 
relationship of the observer to observe the liquid 

25 crystal display panel. 

Therefore, as explained in detail below , the present 
invention aims to provide a liquid crystal display device 
which can resolve the problem of a liquid crystal panel 
including a correction cell to correct the phase 

30 difference due to the birefringence of the drive cell in 
a conventional liquid crystal display device r i,e* the 
problem in which the quality of the display deteriorates 
due to undesirable and unfavorable color which occurs 
based on the defective area in the vicinity of the seal 

35 member of the liquid crystal cell* 

The preferable embodiment will be explained with 
reference to the attached drawings below. This 
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embodiment relates to the liquid crystal display device 
including the liquid crystal panel having the drive cell 
and the correction cell. 

Figure 1 is a cross^sectional view for explaining an 
5 essential part of the liquid crystal panel 10 used in the 
embodiment of the present invention. In Fig. 1, number 1 
is a drive cell. In the drive cell 10, number 20a is an 
STN liquid crystal layer , and is formed by a normal 
area 2Qal and a defective area 2 0a2 as mentioned below, 

10 The STN liquid crystal layer 20a is held by a transparent 
upper substrate 2 and a transparent lower substrate 3, 
and surrounded by a seal member 8- Number 4a is an upper 
drive electrode, and formed closely to the lower surface 
of the upper substrate 2* Number 5a is an upper 

15 alignment film formed closely to the lower surface of the 
upper substrate 2 so as to cover the upper drive 
electrode 4a* Number 4b is a lower drive electrode and 
formed closely to the upper surface of the lower 
substrate 3. Number 5b is a lower alignment film formed 

20 closely to the upper surface of the lower substrate 3 so 
as to cover the lower drive electrode 4b* 

Number 11 is a correction cell. In the correction 
cell 11, number 20b is an STN liquid crystal layer, and 
formed by a normal area 20bl and a defective area 20b2 as 

25 mentioned below- The STN liquid crystal layer 20b is 
held by a transparent upper substrate 12 and a 
transparent lower substrate 13, and is surrounded by a 
seal member 8, Number 15a is an upper alignment film 
formed closely to the lower surface of the upper 

30 substrate 12, Number 15b is a lower alignment film 
formed closely to the upper surface of the lower 
substrate 13. The correction cell 11 has no drive 
electrode different from the drive cell 1, but it may 
include the drive electrode. 

35 An inside size of the seal member of the correction 

cell 11 is sufficiently larger than the inside si2e of 
the drive cell 1, and the inside sise (outside size of 
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the normal area 2 Obi} of the defective area 20b2 of the 
correction cell 11 is sufficiently larger than the 
defective area 20a2 of the drive cell 1, The lower 
substrate 3 of the drive cell 1 is arranged on the upper 
5 substrate 12 of the correction cell 11, and the liquid 
crystal display device includes the correction cell 11 
and the drive cell l. At that time, the positioning is 
executed in such a way that the defective area 20a2 of 
the drive cell 1 is overlapped with the normal area 20al 
10 of the drive cell 1 in the range of the normal area 20bl 
of the correction cell 11, That is, defective area 20a2 
of the drive cell 1 is not overlapped with the defective 
area 20b2 o£ the correction cell 11 in the present 
invention. 

15 Number 21 is a first polarisation board, and is 

arranged closely to or opposite to the outside (upper 
side) of the upper substrate 2 of the drive cell 1* 
Number 22 is a second polarisation board, and is arranged 
closely to or opposite to the outside {lower side) of the 

2 0 lower substrate 13 of the correction cell 11* As shown 

in Fig* 1, the liquid crystal panel 10 includes the drive 
cell 1, the correction cell 11, the first polarization 
board 21 and the second polarization board 22. 

In the above structure, the action of the liquid 

25 crystal panel 10 will be explained with reference to 
Fig* 1* First, the action of the ray SI is explained 
below. The ray SI is input from the outside to the first 
polarization board 21, and passes through the normal 
area 2Qal of the drive cell 1, the normal area 20bl of 

30 the correction cell 11 and the like. Finally, the ray Si 
is output from the second polarisation board 22 to the 
outside- This action is the same as the ray SI explained 
in Figs, 5 and 6 in the conventional art. Based on the 
same principle r the phase difference 61 of the ordinary 

35 ray and the extraordinary ray occurred in the STN liquid 
crystal layer 20al (normal area) of the drive cell 1 is 
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corrected by the phase difference 62 occurred in the STN 
liquid crystal layer 20bl (normal area) of the correction 
cell 11, That is, the phase differences 51 and 62 are 
approximately equal to one another r and the final phase 
5 difference (62 - Si) can be set to approximately zero. 

As mentioned above, it is possible to resolve undesirable 
and unfavorable color at the normal area in the present 
invention* 

Next, the difference points between the present 

10 invention and the conventional art will be explained 
below. As shown in Fig* 1, the action of the ray 52 r 
which is input from the outside to the first polarization 
board 21 and passes through the defective area 20a2 of 
the drive cell 1, is explained below* In this 

15 embodiment, as explained above, the defective area 20a2 
o£ the drive cell 1 is not overlapped with the defective 
area 20b2 of the correction cell 11, and overlapped with 
only the normal area 20b2, Accordingly, the ray S2 
passes through the normal area 2 Obi of the correction 

20 cell, and is finally output from the second polarization 
board 22 to the outside* 

When the ray S2 passes through the defective 
area 20a2 of the drive cell l, the phase difference 51', 
which is different from the phase difference 61 occurring 

25 in the normal area 20a!, occurs based on the same 

principle as explained in Figs. 5 and 7. When the ray S2 
passes through the normal area 2 Obi of the correction 
cell 11, a new phase difference 52 1 occurs based on the 
same principle as explained in Figs, 5 and 6, so that the 

30 final phase difference (52' - Si 1 ) can be obtained. This 
phase difference is moved from zero, and results in color 
based, on the above-explained principle. 

As explained above, the ray S2, which passes through 
the abnormal area 20a2 of the drive cell 1, is slightly 

35 colored differently from the ray SI that passes through 
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the normal area 20al of the drive cell 1. However, in 
the case of this embodiment , since there is no 
overlapping of the cells as explained in the conventional 
art between the defective areas , the final phase 
5 difference is affected only by movement due to the 

abnormal area 2 0a2 of the drive cell 1. Further, in the 
conventional art of Fig. 5, since both abnormal areas of 
the drive cell and correction cell are overlapped, the 
influence of both abnormal areas is added to the final 

10 phase difference for the transmission light of the 

abnormal area so that the ray is largely moved from zero. 
Accordingly, in this embodiment, since the brightness of 
the abnormal area is different from the normal area, the 
abnormal area is slightly colored. However, the grade of 

15 color becomes considerably smaller compared to the 

conventional art, and has an allowable range from the 
viewpoint of quality of image. 

Next, as shown in Fig* 1, the defective area 2 0b2 is 
not included in a part of the range of the effective view 

20 field which is obtained by observing the range of the 
normal area 20al of the drive cell 1 from the view 
point F, and the part of the range of the effective view 
field is not colored. Further, although the defective 
area 2Qa2 i$ included in the part of the whole view field 

25 area 32 which is obtained by observing the whole area of 
the seal member of the correction cell 11 from the view 
point f, the defective area 20b2 of the correction cell 
is not included in the part of the view field so that the 
color of the peripheral portion of the whole view field 

30 area 32 becomes light compared to the conventional art- 

As a result, the quality of image, which is observed from 
the view point P, is considerably improved compared to 
the conventional art. 

Another embodiment according to the present 

35 invention will be explained with reference to the 

drawings below* This embodiment is a modified type of 
the liquid crystal display device as explained in Fig- 1* 
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Figure 2 is a cross-sectional view for explaining a main 
structure of the liquid crystal panel according to the 
embodiment of the present invention. The liquid crystal 
panel of this embodiment is structured in such a way that 
5 the incident light is input from the correction cell 11 
and output from the drive cell 1. Further, the 
difference "dL" in size, which is obtained by the 
difference between the size of the normal area 2Qbl of 
the correction cell 11 and the outside size (or an inside 

10 size of the seal member) of the defective area 2Qa2 of 

the drive cell 1, satisfies predetermined conditions* In 
this case, reference numbers of the structural members in 
Fig, 2 are the same as those of Fig. 1* 

Based on the above structure, the action of this 

15 embodiment will be explained below* When the light is 
input from the lower side of the second polarization 
board 22, the transmission light is output from the first 
polarisation board 21 through a light path opposite to 
the liquid crystal panel shown in Fig* 1, This is 

20 basically similar to a characteristic of the final 
outgoing light of the liquid crystal panel shown in 
Fig. 1. In this embodiment of the liquid crystal panel, 
however, consideration for relationship of the size is 
provided as explained below- 

25 As one relationship of the size, when an angle of 

the maximum view field based on an inside end of the seal 
member 8 of the liquid crystal is 8s; when the thickness 
of the lower substrate 3 of the drive cell 1 is tl, and 
the thickness of the upper substrate 12 of the correction 

30 cell 11 is t2; when the thickness (or cell gap) of the 

STN liquid crystal layer 20bl of the correction cell 1 is 
"d"; and when the distance, which is determined as the 
boundary of the normal area 20bl of the correction 
cell 11 being moved to the outside from the boundary of 

35 the seal member 8 of the drive cell 1 and the defective 
area 20a2, is r, dL"; it is necessary for these conditions 
to have the following relationship, i.e. 
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dL > (tl + t2 + d) -tan 6s (1) 

When the relationship of the formula (1) is 
satisfied, the light, which passes through the defective 
area 20a2 of the drive cell 1 and is output to the 
direction of the view field 6s, is transmitted through 
the normal area 20bl of the correction cell 11 and is not 
transmitted through the defective area 20b2. As a 
result, the influence of two defective areas 2Qa2 and 
20b2 is not added to the outgoing light, and it is 
possible to achieve the purpose of the present invention 
in the range of the angle of the maximum view field 6s. 
In the formula (1), a curve (a move from a straight line) 
due to the refraction of the transmission light and the 
thickness of the alignment films 5b, 15a are negligible 
15 because of small values. 

As another relationship of the size, when the range 
of clear vision based on the lower surface of the STN 
liquid crystal layer 20al of the drive cell l is "mL"; 
when the width of the sealed space (inside of the seal 
member) of the drive cell 1 is "wL"; when the thickness 
of the lower substrate 3 of the drive cell 1 is tl and 
the thickness of the upper substrate 12 of the 
correction 11 is t2; when the thickness (or cell gap) of 
the stn liquid crystal layer 20bl is "d"; and when the 
25 distance, which is determined as the boundary of the 

normal area 20bl of the correction cell 11 being slipped 
to the outside from the boundary of the seal member 8 of 
the drive cell l and the defective area 20a2, is "dL"? it 
is necessary for these conditions to have the following 
30 relationship, i.e. 

dL / (tl + t2 + d) > wL/mL (2) 

when the relationship of the formula (2) is 
satisfied, the light, which passes through the defective 
area 20a2 of the drive cell 1 and passes through the 
35 range (mL) of clear vision in the front of the liquid 
crystal panel, is transmitted through the normal 



20 



Jul. 2001 15:14 



A. Aoki, Ishidai 31-3-5470-1911 



NO, 4474 P. 30/56 



area 2 Obi of the correction cell 11 and is not 
transmitted through the defective area 20b2, As a 
result, when the liquid crystal panel is observed from 
the range (mL) of clear vision, it is possible to observe 
5 the display image having few defects baaed on the same 
reasons as above. 

In this case, the embodiment of the present 
invention shown in Fig, 2 has the relationship of the 
size which satisfies both formulas (1) and {2). In the 

10 present invention, however, the present invention is not 
limited above, and may have the relationship of size 
which satisfies any one of the formulas (1) and (2). 

Still another embodiment of the present invention 
will be explained with reference to the drawings below. 

15 This embodiment is a modified type of the liquid crystal 
device shown in Fig. 1. Figure 3 is a cross-sectional 
view for explaining the structure of the liquid crystal 
panel according to this embodiment. Figure 4 is a cross- 
sectional view for explaining the modified type of the 

20 liquid crystal panel shown in Fig. 3. As shown in 

Fig* 3, in this embodiment, the inside size of the seal 
member of the drive cell 1 is larger than the inside size 
of the seal member of the correction cell 11, the 
defective area 2 0b2 of the correction cell 11 is 

25 overlapped with the normal area 2 Obi in the normal area 
of the drive cell 1, and the defective area 20a2 of the 
drive cell 1 is not overlapped with the defective 
area 20b2 of the correction cell 11, 

Others are the same as the embodiment shown in 

3 0 Fig, 1. As the ray which is transmitted through the 

liquid crystal panel 10 in this embodiment, there are two 
rays, i.e. the ray £1 being transmitted through the 
normal area 20bl of the correction cell 11 and the 
ray S2 1 being transmitted through the defective area 20b2 

35 of the correction cell 11. The ray SI is transmitted 
through only the normal area, and has the same 
characteristic as the ray SI shown in Fig. 1. The 
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ray 52 T is transmitted through the normal area and 
defective area, and has the same characteristic as the 
ray 52 shown in Fig* 1- Accordingly , it is possible to 
achieve the display image having little defects caused by 
5 the defective area in this embodiment* 

Next, in Fig, 4, number 24 is a partition board on 
the second polarization board 22. Others are the same as 
the embodiment shown in Pig* 3. As shown in Fig. 4 f the 
defective area 2 0a2 of the drive cell 1 is not included 

10 in the range of the effective view field which is 

obtained by observing the range of the normal area 2 Obi 
of the correction cell 11 from the view point P, and 
there is no color in a part of the range of the effective 
view field. Further, in the whole area of the seal 

15 member of the correction cell 11 observed from the view 
point F, although the defective area 20b2 of the 
correction cell 11 is included in a part of the whole 
view field area 32 separated by the partition board 24 , 
the defective area 20a2 of the drive cell 1 is not 

20 overlapped with the view field area* Accordingly , the 
color in the peripheral portion of the whole view field 
area 32 is light compared to the conventional art. As a 
result, the quality of image, which is observed from the 
view point F, is considerably improved compared to the 

25 conventional art. 

In the above embodiment, although the explanation is 
given to the case in which the drive cell is combined 
with the correction cell, it is possible to obtain the 
same effect as the above embodiment in the case that two 

3 0 drive cells are overlapped* Further, in the above 

embodiment, although the explanation is given to the case 
in which two display cells are overlapped, it is possible 
to obtain the same effect as the above embodiment in the 
case that a plurality of display cells, for example, 

35 three cells, four cells, etc, are overlapped, by 

structuring in such a way that the display area of the 
display cell provided away from the observer is gradually 
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formed wider than the display area of the display cell 
provided at the observer's side, 

POSSIBILITY OP UTILISATION IU INDUSTRY 
5 According to the 1 present invention, in the liquid 

crystal display device including the display panel having 
the correction cell to correct the phase difference due 
to the birefringence of the drive cell, it is possible to 
resolve the defect of display due to undesirable and 

10 unfavorable color which occurs based on the defective 

area in the vicinity of the inside of the seal member of 
the drive cell and the correction cell* As a result, the 
present invention can be utilised widely as a simple 
display means or a display means used in computers or 

15 communication equipments having a thin shape and low 

power consumption using the TN liquid crystal or the STN 
liquid crystal utilizing rotatory power of the liquid 
crystal. Further, when the observer observes the display 
device from the upper side, although the lower display 

20 cell is observed rather more widely than the upper 
display cell, it is possible to provide the liquid 
crystal device which can resolve the difference in the 
range observed by the observer so that the possibility of 
utilization in industry is very good. 
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(REPLACEMENT) 
CLAIMS 

1. (AMENDED) A display device including at least 
one display cell sealed by one seal member in which an 

5 electro-optical converting member is held by two 

substrates, and having a defective area and normal area 
in the inside of the seal member; another at least one 
display cell sealed by another seal member in which the 
electro-optical converting member is held by two 

10 substrates, and having the defective area and normal area 
in the inside of the seal member; and these display cells 
being overlapped; characterized in that, 

the display cell provided to an opposite 
side of an observer has an normal area, which is wider 

15 than the display cell provided to a side of the observer* 

2, (AMENDED) A display device as claimed in 
claim l, characterized in that the display cell is a 
liquid crystal display cell in which the electro-optical 
converting member consists of a liquid crystal. 

20 3. (AMENDED) A display device as claimed in 

claim 2, characterized in that the display device is 
formed by overlapping two liquid crystal display cells, 
and at least one liquid crystal display cell is a drive 
cell to which a liquid crystal drive voltage is applied* 

25 4. (amended) a display device as claimed in 

claim 2, characterized in that the display device is 
formed by overlapping two liquid crystal display cells, 
one liquid crystal display cell is a drive cell to which 
a liquid crystal drive voltage is applied , and the other 

30 liquid crystal display cell is a correction cell to which 

the liquid crystal drive voltage is not applied. 
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5. (AMENDED) A display device as claimed in 
claim 4, characterised in that, in the drive cell and the 
correction cell, one of inside sizes of the seal member 
of the drive cell and the seal member of the correction 

5 cell is larger than the other inside size* 

6. (AMENDED) A display device as claimed in 
claim 4, characterized in that, in the drive cell and the 
correction cell, one of sizes of an effective display 
area of the drive cell and an effective display area of 

10 the correction cell is larger than the other size of the 
effective area, 

7. (AMENDED) A display device as claimed in 
claim 5 or 6, characterized in that the liquid crystal 
panel is structured by overlapping the drive cell with 

15 the correction cell, in the form that the defective area 
having defects of cell-gap and/or of alignment in the 
vicinity of the inside of the seal member of the drive 
cell is overlapped in the range of the normal area having 
no defect of the correction cell* 

20 8, (amended) A display device as claimed in 

claim 5 or 6, characterised in that the liquid crystal 
panel is structured by overlapping the drive cell with 
the correction cell, in the form that the defective area 
having defects of cell-gap and/or of alignment in the 

25 vicinity of the inside of the seal member of the 

correction cell is overlapped in the range of the normal 
area having no defect of the correction cell. 
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9 , { DELETED ) 

10. (AMENDED) A display device as claimed in any 
one of claims 2 to 8, characterized in that the liquid 
crystal is an STN liquid crystal. 
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LIST OF REFERENCE NUMBERS 

1: drive cell 

2, 12: upper substrate 

3, 13: lower substrate 
4a: upper drive electrode 
4b: lower drive electrode 
5, 15: alignment film 

8: seal member 

10: liquid crystal panel 

11: correction cell 

20a, 20b: STN liquid crystal layer 

20al, 2 Obi: normal area 

2Qa2, 20b2: defective area 

21: first polarization board 

22: second polarisation board 

24: partition board 
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Declaration and Power of Attorney For Patent Application 
Japanese Language Declaration 



TEroft*W*?!fiLT. &MTOl01fLSf, As a below named inventor.1 hereby declare that: 

^ ftto&m. fMMff, Ba«ttTaEoa^ft*<0»CjE«Sii My residence, post office address and citizenship are as stated 
ftii 9 nex t to my name. 



I believe I am the original, first and sole inventor (if only one name 
is listed below) or an original, first and joint inventor (if plural 
names are listed below) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled 

A DISPLAY DEVICE 



the specification of which is attached hereto unless the following 
box is checked: 



□ 



[3 was filed on November 16, 2000 
as United States Application Number or 
PCT International Application Number 
PCT/JP00/08094 and was amended on 
March 30 y 2001 (if applicable). 



I hereby state that I have reviewed and understand the contents of 
the above identified specification, including the claims, as 
amended by any amendment referred to above. 



I acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations. 
Section 1.56. 
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^ **. **** Any mtms on ^ 

END PEES OR COMPLETED FORMS TO TH IS ADDRESS. SEND £ SZSZZ ^ ^ °° 
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Japanese Language Declaration 

"(B*RS«») 



f.'.ii. X-Mi£^SB3 511 1 9 4k (a) - id) 3 6 5^ 

(b) flSfrs^TSr!©. * EJ£l*0>S<O'>ft< 4 J u — *H«rffi 
ieLT^c»fi=te73*» 3 6 5 (a)Xg(cSi = <^ttiS. X 

Prior Foreign Application(s) 

11 -32531 6 (Pat. Aor>ln .) Japan 



(Number) 



(Country) 



(Number) 



(Country) 



(Application No.) 



(Filing Date) 
(HJHH) 



T^glB^fclA^Snfc, Ztt&MfrftS3 7*1*5 6« 



(Application No.) 
(£i3JH#*) 



(Application No.) 

(£HIH»*) 



(Filing Date) 

(Filing Date) 
(HHBH) 



W i s KKT'* 0 , ti>-ofl<n\^ t 4 Sioft £ 5 4 £ £ 

K:»'T<*«^±rKj5-ej>54»i:rvx5c4, *fe«c* 
.S^ftSiifeffi^^^&^^iii^^fT^li^ll&A^ 

1 8«s£i oo lft^ar*. n^stiim tL<i« 

toftUK JLQ&mshzzt* L T * o J: 5 ftttfclc J: 5 
*»*>]»W ffiBLfc. Xttafcff-rafifcWlf 

w*«rtt3&sftebiiSC4«rSg«L, J: or z Ziz±&<D -'4 



I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-<d) or 365(b) of any foreign applications) for patent 
or inventor's certificate, or 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box. any foreign application for patent or inventor s 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Not Claimed 

„ . , «**+:HftL 
1 6 /November/ 1 999 

(Day/Month/Year Filed) ~ 



(Day/Month/Year Filed) 

I hereby claim the benefit under Title 35, United States Code, 
Section 119(e) of any United States provisional application(s) listed 
below. 



(Application No.) 



(Filing Date) 



I hereby claim the benefit under Title 35 t United States Code. 
Section 120 of any United States applications), or 365(c) of any 
PCT International application designating the United States, listed 
below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
international application in the manner provided by the first 
paragraph of Title 35, United States .Code Section 112. I 
acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56 which became available between the filing date of the 
prior application and the national or PCT International filing date of 
application. 

(Status:, Patented, Pending, Abandoned) 

iwsL : »*iwr«, ft**, wmm) 

(Status: Patented, Pending, Abandoned) 

(MR : &&tF5T7&> &m*. tkmm) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Japanese Language Declaration 



mnt zzt zuizwtz -«o)ff a**H4*»ift« 



POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following attomey(s) andfor agent(s) to prosecute 
this application and transact all business in the Patent and 
Trademark Office connected therewith, (list agent's name(s) 
and registration number(s)) 



INNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER, Reg. NO22J40, Douglas B. Henderson, Reg. N n. gn,pgi : F nrri F. Farabow, Jr., Reg. No. 
20J30LArthur S. Garrett, Reg. Hq^2QJ^8; Donald R. Dunner, Reg. No. 02*073^ Brian G. Brunsvoid, Reg. N q. 22,593: Tipton D. Jennings' IV* Reg No 
_gOB45; Jerry D. Voight, Reg. No. 23,02Q^Laurence R. Hefter, Reg. N o. 20,827; Kenneth E. Payne, Reg. No^098: Herbert H. Mintz, Reg No ifi^H; C 
Larry O'Rourke, Reg. No. 26,014; Albert J. SantoretD, Reg. No^2£lQLMIchae! C. Eimer, Reg. No_25i§57; Richard H. Smith, Reg. No. aOfiOS^Stephen L 
Peterson, Reg. No, 26,325jJohn M. Romary, Reg. Ncu2&2£L; Bruce C. Zotter, Reg. No. 2LS80; Dennis P. O'Reilley, Reg. n» 97 g?g : Align M. Sokal Reg. 
No. _ 26,6 95; Robert D. Bajefsky, Reg. NoJ253aZlRichard L. Stroup, Reg. N o. 28.478: David W. Hill, Reg. N o. 28.220; Thomas L Irving, Reg. No 28.619: 
Charles E. Lipsey, Reg. No. 2a4S5LThomas W. Wlnland, Reg. N o. 27,605 ^Basii J. Lewris, Reg. No. J2a*fil& Martin I. Fuchs, Reg. No^2aj5Q§- E Robert 
Yoches, Reg. NoJ3QJ2p; Barry w. Graham, Reg. No. 29.924: Susan Haberman Griffen, Reg. No^302Q7; Richard B. Racine, Reg. No^3041£Thornas H 
Jenkins, Reg. No^aOSS Robert E. Converse, Jr., Reg. No.2Z.432; Clair X. Mullen, Jr., Reg. No^SOa^S; Christopher p, Foley, Reg. No. 31,354* John C 
Paul, Reg. No., 30,41 3; Roger D. Taylor, Reg. N o. 28.992: David M. KeIJy t Reg. N q 30.953 : Kenneth J. Meyers, Reg. Noj2£J46; Carol P. E^audTReg No 
32£2QL_Walter Y. Boyd, Jr., Reg. N o, a i,73fc Steven M. Anzalone, Reg. No^.095; Jean B. Fordis, Reg. No^SS^ Barbara C.'McCurdy, Reg. NqJ£J2Q; 
James K. Hammond, Reg. No, 31,964; Richard V. Burgujian, Reg. No,^LZ44; J, Michael Jakes, Reg. No.J2&§24; Thomas W. Banks, Reg. N o. 32.719 - M 
Paul Barker, Reg. No. 32,013; Bryan C. Diner, Reg. Na.,32,409; Christopher P. Isaac, Reg. No^Sife Andrew C, Sonu, Reg. No. 3a^57: Dirk D. Thomas, 
Reg. N o. 32,600 3 — * 



»SOJS#5fe : Send Correspondence to: 

^ / FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER, LLP. 

/ 1300 I STREET, N.W. 

M WASHINGTON, D.C. 20005-3315 



fflCi *S SSa * S5fe : ^f**^"*^*^) Direct Telephone Calls to: (name and telephone number) 



ARTHUR S. GARRETT 
202-408-4091 





Full name of sole or first inventor 
Toshihiko Satou 




inventors signature "* Date 

*7o$^L;icn ( fWfitf. Auqust 10, 200 




Residence 

Nishitokyo-shiATokyo, Japan v\ 


mn 


Japanese '^^^^^C^^f jy ^^^^^^^^J^ 




Post Office Address ' 

c/o CITIZEN WATCH CO., LTD. Tbkyo Works, 




1-12, Tanashicho 6-chome, Nishitokyo-shi, 
Tokyo 188-8511 Jaran 






Full name of second joint inventor, if any 

Terutaka Okano 




Second inv^^nalQJ^_^ . DateAugust 10, 




Residence ^ c — c 

Nishitokvo-shi\ Tokvo. Jaran v\ xK 


mn 


"Citizenship — ■ — 

Japanese 




Post Office Address 

c/o CITIZEN WATCH CO.. LTD. Tokvo Whrks, 




1-12, Tanashicho 6-chome, Nishitokyo-shi, 
Tokyo 188-8511 Jaoan 



(K=*fe(i^tiWBO*ra56W*(c»LTfera«4ttl*B (Supply similar information and signature for third and 
& £ TSilto) subsequent joint inventors.) 
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